MULTI-PERIOD NETWORK DESIGN FOR MOBILE TELECOMMUNICATION SYSTEM OPTIMIZATION by Putra, Tedy et al.
Bulletin of Mathematics ISSN Printed: 2087-5126; Online: 2355-8202
Vol.09 , No.01 (2017), pp. 27–38 https://talenta.usu.ac.id/index.php/bullmath
MULTI-PERIOD NETWORK DESIGN FOR
MOBILE TELECOMMUNICATION SYSTEM
OPTIMIZATION
Tedy Putra, Muhammad Zarlis, Herman Mawengkang
Abstract. The design of multi-period networks in mobile telecommunication
systems is a design involving more than one cellular network state that is
interconnected with each other and interconnects cellular units with limited
network capacity for a given period of time. The circumstances that arise in this
multi-period network model can be calculated optimization by using 0-1 Knapsack
Problem. The purpose of this research in general is to look for multi-period
network design that can optimize cellular telecommunication system.
1. INTRODUCTION
Telecommunications is any transmission, transmission, and or receipt of
any information in the form of signs, signs, writings, drawings, sounds and
sounds through wire, optical, radio or other electromagnetic systems (Re-
public of Indonesia Act No.33 / 1999 about Telecommunication).
So the telecommunication system can be interpreted all elements of fa-
cilities, infrastructure, communication organizers so that communication can
be done. The development of telecommunication technology today can not
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be separated from the increasing human need for the technology. Telecom-
munications technology that has developed rapidly in recent years is mobile
communications technology. Current communications technology services
have been using broadband-based services. Telecommunications is also cur-
rently not limited to the process of voice and writing transfer only, but has
grown up to other data services such as pictures, documents and even video
files.
Currently 4G service is a service that provides data access that is in
great demand. This service provides excellent data, voice, and image data
transmission access as well as other access networks such as HSPA, EVDO,
WiMAX and LTE capable of delivering data access in the Megabit order
per sector.
The basic concept of a cellular system is the division of services into
small areas called cells. Each cell has its own coverage area and operates
specifically. The number of cells in a geographic area is based on the number
of customers operating in the area. A cell is essentially a radio communica-
tion center associated with the MSC (Mobile Switching Center) that governs
incoming calls. The range of signal transmission on mobile cellular commu-
nication systems can be well received depending on the strong signal signal
of the cell constraints of the wearer. However, there are still other factors
that can be an obstacle to the transmitted signals being well received. An-
other factor in question is the geographical factor (nature). Cell sizes in
mobile communication systems can be affected by:
1. Density of traffic.
2. Power transmitter, namely Base Station (BS) and Mobile Station
(MS).
3. And natural factors, such as air, sea, mountains, buildings, and others.
However, these limits are ultimately determined by the strong radio
signals between Base Station (BS) and Mobile Station (MS).
Generally, the cellular system consists of three main parts, namely mobile
unit, cell site, and mobile switching center (MSC) where calls originating or
aimed at the cellular unit connected to the cell site via radio waves then re-
quest the MSC to process it. Since all cells must be connected to the MSC,
the topology commonly used is the ”Star” topology, but since the intercon-
nect function has increased, the topology is no longer capable of effectively
displaying resource use for sharing data migration activities, service network
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that will be used so as to minimize the use of resources but can generate an
effective transmission activities tailored to the capacity of backbone owned.
For most cellular systems, where cellular providers have their own
backbone network with large capacity, but with the increasing number of
users of this mobile network, the ”backbone” highway that passes even more
dense and also the process of moving information and data will also increas-
ingly slow. Therefore, the authors feel the need to make network engineering
to facilitate the process of transfer of information and data so that the ef-
ficiency of time and energy is fulfilled by applying multi-period network on
mobile telecommunication system so that later it is expected to minimize
the cost resulting from the use of telecommunication services.
2. LITERATURE REVIEW
2.1 Knapsack Problem
The knapsack problem is a fundamental optimization problem. Knapsack
problem or rucksack problem is a combinatorial optimization problem. The
knapsack problem has been studied for more than a century, early knapsack
work problems first made in 1897. Knapsack Problem is a combinatoric
optimization problem by maximizing the profitability of the items inside
the knapsack (sack) without exceeding its capacity. Knapsack problem has
3 types of problems, namely:
1. Knapsack 0-1
2. Knapsack Bounded
3. Knapsack Unbounded
Knapsack discussed in this paper is a type of knapsack 0-1. the deci-
sion variable is xi is 1 if the object is selected and xi is 0 if the object is
not selected. The Knapsack problem can be solved by several methods, in-
cluding Bruce Method, Mathematical Method, Genetic Algorithm, Greedy
Algorithm and with dynamic programming. Given items of number n and
Knapsack of m with m < n and pi is the profit of item i, wi is the weight
of item i and c is the group capacity then the function of multi Knapsack
problem can be written:
max : z =
n∑
i=1
m∑
j−1
pixij
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s.t. :
wi∑
i=1
xij ≤ ci, j ∈M = {1, ...,m}
j∑
i=1
xij ≤ 1, i ∈ N = {1, ..., n}
xij =
{
0
1
if item i is selected to knapsack j,
otherwise,
2.2 Heuristic Implementation for Knapsack
The completion of the Knapsack Problem can be grouped into two, ie the
exact solution and the heuristic solution. Zhao et al (2009) provides a way
to solve the problems of 0-1 Knapsack, by combining GA and greedy with
the aim of reducing the completion time and to improve the accuracy of the
resulting solution by reducing the paste.
2.3 Optimization Algorithm
Ministry of National Education, the thirtieth edition of 2007, the algorithm
is a systematic procedure for solving mathematical problems in limited steps.
Problem is something to be solved (solved). The general problem statement
determines the desired input / output relationship and the algorithm de-
scribes a particular computational procedure to achieve an input / output
relationship.
Many important and practical issues can be expressed as optimization
problems, such as finding the best of a range of solutions. It’s like finding a
needle in a haystack, which definitely needs an algorithm, considering each
solution takes a lot of time because there are so many solutions. Some of
these problems can be solved in polynomial time using network flow, linear
programming, greedy algorithm or Dynamic programming.
Thomas Weise uses the term global optimization which is defined as
a branch of applied mathematics and numerical analysis that discusses op-
timizations with single, multiple or even conflicting criteria. Criteria are
expressed as the set of mathematical functions F = f1, f2, ..., fn called ob-
jective functions. The result of an optimization process is a set of inputs that
makes objective functions produce optimal values (which can be maximized
or minimal).
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2.4 Telecommunication System
The development of the telecommunication system at this time is very rapid.
A very popular technology trend today is mobile telecommunication using
cellular telecommunication networks.
In order to make telecommunication link, there are some components
of telecommunication system builder that is:
1. Information: is data sent / received such as voice, image, file, text.
2. Sender: converts information into electrical signals that are ready to
be sent.
3. Transmission media: the sending function of the sender to the re-
cipient. Because it is remote, the sender signal is changed again /
modulated to be sent remotely.
The working principle of Telecommunication System itself is as follows:
a. The communication process begins with a message or information that
must be sent from one individual / device to another.
b. The message / information is then configured into binary or bits which
are then encoded into signals. This process occurs on the encoder
device.
c. The signal is then transmitted by the transmitter / transmitted through
the selected media.
d. A good medium of transmission (radio, optical, coaxial, copper) is
required so that disruptions during discharging can be reduced.
e. Furthermore, the signal is received by the receiving station.
f. The signal is decoded into a binary or bit format which is subsequently
converted into the original message / information to be read / heard
by the receiving device
Network on GSM can be divided into 3 parts, namely Mobile station (MS),
Base Station Subsystem (BBS), and Network Subsystem (NS).
1. Mobile Station (MS)
2. Base Station Subsystem (BBS)
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3. Network Subsystem (NS).
Business telecommunication services is a telecommunication service to meet
the needs of communication services, as for services provided by providers
or service providers of communication include:
1. the provision of basic telephone services
2. Implementation of value added services telephone
3. Implementation of multimedia services
2.5 Optimization
Network optimization is done to generate the best network quality using the
available data as efficiently as possible. The coverage of network optimiza-
tion is as follows:
1. Finding and fixing problems after implementation and site integration.
2. Performed periodically to improve network quality.
3. Does not degrade other network performance.
4. Conducted in a relatively small area for easy follow-up of optimization
activities
Classification of optimization model based on the characteristics that are
owned are as follows in figure 1.
2.6 Multi Period on Cellular Telecommunication Network
In the application of the network certainly the number of degrees at a point
can affect several factors, such as rate, and pressure. If the degree in the
suatutitik too much, of course the rate and pressure will be reduced resulting
in decreased quality of the installation. Therefore a degree limit is required
at each point, with the Degree Constrained Minimum Spanning Tree.
DCMST is the MST given the degree constraint at each point. The
DCMST problem is to determine the Minimum Spanning Tree T of G where
the degree of the point is limited by the equation, 1 ≤ di ≤ bi with the bias
of upper degree of each point (Caccetta and Wamiliana, 2001).
Multi Period Degree Constrained Minimum Spanning Tree (MPD-
CMST) is an advanced problem of Minimum Spanning Tree issues that
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Figure 1: Characteristics
have been constrained degree (Degree Constrained Minimum Spanning Tree
Problem).
At the time of the network installation, it was found several factors
such as, weather, so not all points can be installed at once. Because the net-
work installation process should be done in several stages, then this problem
becomes a problem MPDCMST (Wamiliana, et al. 2005).
Particularly in the network of mobile telecommunication systems there
are several factors or constraints that may occur when the network will be
constructed, including:
a. Not all areas can connect to the network to be built due to limited
cost, or due to having to use more than one network installation (multi
period)
b. There are areas where networking should be prioritized.
c. Limitations of network capacity or in this case the limitations of back-
bone.
d. Number of active network users.
e. Limitations of connections between networks that have their own in-
stallations.
f. When all the initial conditions of the network are met then determine
the efficiency or optimization of cost and time and network quality.
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2.7 Optimization of the Celuler Telecommunication System
Multi-Period Model
Before discussing multi periods, let’s remember that Single period is a sce-
nario of execution activity with one return path. This system usually occurs
when the goods intended to be distributed to consumers have limited life,
not used for long periods or continuously.On a cellular network system the
single-period network model can be shown in the figure 2.a (Single-period
mobile network model with lots of mobile m).
For multi-period problems where in cellular telecommunication sys-
tems involving multiple cellular units and involving multiple networks that
may be used and even trying to connect between different cell-derived net-
works, a design that can optimize communications is required. Taking into
account the multi-period network design below, an optimization of the net-
work will be used that involves many cellular units at a given time. shown
in the figure 2.b (multi-period mobile network celluler)
In a single period in general where cell i can lead to system I repre-
sented by a single node that has a capacity of K or we can also take the
cell toward MSC node O. Assuming the cell can go to the system with the
cost of ciI or maybe also ciO and because the distance cell to hub is usually
closer than cell distance to MSC root it is assumed that ciO > ciI , then this
single period problem can be formulated by:
min Z =
∑
i
ciIxi +
∑
i
ciO(1− xi)
s.t
∑
i
Dixi ≤ K, xi = {0, 1}∀i
with objective function :
∑
i ciIxi+
∑
i ciO(1−xi)−
∑
i(ciO−ciI)xi+
∑
i ciO
The second state when a, where a a constant is taken from the objective
function with a > 0, then the constraint in the single period becomes:
max Z =
∑
i
aixi
s.t
∑
i
Dixi ≤ K, xi = {0, 1}∀i
Departing from the constraint Equation 1 above can be developed for
period t with the cost to sell i as Sit then the obstacle can be translated
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Figure 2: (a) singgle-period model and (b)-multi-period model
into:
min Z = [
∑
i
∑
t
ciItxit+
∑
i
∑
t
ciOt(1−xit)+
∑
i
∑
t=1
Sit(xit−xit−1)+−
∑
i
∑
t=2
Tit(xit−xit−1)−]
s.t
∑
i
∑
t
Ditxit ≤ Kt∀t, xi = {0, 1}∀i,t
by assuming for period 0 then xiI0 = xiO0 = 0, then the constraint can
be written by:
max Z = [
∑
i
∑
t
ciItxit−
∑
i
∑
t=1
Sit(xit−xit−1)+−
∑
i
∑
t=2
Tit(xit−xit−1)−]
s.t
∑
i
∑
t
Ditxit ≤ Kt, xi = {0, 1}∀i,t
here we say again ait = ci0t − cIiIt, in this formulation the objective
function is to maximize the overall storage, but still not linear. Furthermore,
this problem can be linearized with the addition of 0− 1 variables for each
pair of sell / period. In common:
xit − xi,t−1 + w+it − w−it = 0,
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w+it , w
−
it = {0, 1}. So, the equation above becomes:
max[
∑
i
∑
t
aiItxi −
∑
i
∑
t=1
Sitw
+
it −
∑
i
∑
t=2
Titw
−
it ]
with s.t
∑
i
∑
tDitxit ≤ Kt,
xit − xi,t−1 + w+it − w−it = 0,
xit, w
+
it , w
−
it = {0, 1}∀i,t
This constraint has N∗T : xit, w+it , w
−
it variable, Capacity T and N
∗T :
w+it , w
−
it defined can solve very big problems. A better formula with schedul-
ing, where the schedule is defined as a part of the implementation of the
homing pattern. For example, if T = 4 with schedule (0, 0, 1, 1) means a
cellular to O (MSC) during planning during period 1 and 2 then go to the
hub for periods 3 and 4. Assume there is P scheduling and define 0− 1 as
the yij variable decision, in which:
yij =
{
0
1
if schedule j is selected for sell j,
otherwise,
for every 1 < i < N and 1 < j < P
notify Bij as the scheduling fee j to sell i.
Then,
Bij = [
∑
i
∑
t
ciItx
j
it+
∑
i
∑
t
ciOt(1−xjit)+
∑
i
∑
t=1
Sit(x
j
it−xjit−1)++
∑
i
∑
t=2
Tit(x
j
it−xjit−1)−]
So the above problem can be expressed with combinatorial optimiza-
tion with configuration:
min
∑
i
∑
j
Bijyij
s.t
∑
j
yij = 1, ∀i sell
∑
i
∑
j
Etijyij ≤ Kt, Kt period
yij ∈ {0, 1}
where Etij = Dit ∗ ∂tij , and
∂kij =
{
0
1
if there is no homing on the hub system in period k for alternative j,
otherwise,
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The above event model displays a solution with a 0−1 knapsack prob-
lem model and may also occur in multi-item knapsack problems capable of
producing the most optimal results in searching for multi-period network
optimization on the cellular telecommunication network system.
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